Comparison of the 5'-flanking regions of several cell cycle-regulated DNA replication genes of Saccharomyces cerevisiae has revealed the presence of a common sequence, 5'-ACGCGT-3', which is upstream and proximal to mapped transcription initiation sites. This sequence, which is the cleavage site for the restriction endonuclease MluI, is present twice in the upstream region of the yeast thymidylate synthase gene TMPI. Previous studies have implicated these MluI sites as critical components in the cell cycle-dependent transcription of TMPI. In this study, we examined more closely the importance of the ACGCGT sequences for the transcription of this gene. Using site-directed mutagenesis in combination with deletion analysis and subcloning experiments, we found that (i) while both of the TMPI MIuI sites contribute to the total transcription of this gene, the distal site is predominant and (ii) the 9-bp sequence ACGCGTTAA encompassing the distal MluI site exhibits properties of a cell cycle-stage dependent upstream activation sequence element. The results of this study support the notion that the ACGCGT sequence is an integral component of a transcription system which coordinates the cell cycle-dependent expression of DNA replication genes in S. cerevisiae.
One of the fundamental problems in eucaryotic cell biology involves elucidating the molecular and biochemical events that govern the cell division process. One approach to this problem which has been used successfully, particularly in the yeast Sacc1'taromyces cerevisiae, involves the isolation and characterization of temperature-sensitive mutants that exhibit defects in progression through the various stages of the cell cycle at restrictive temperatures. In recent years, use of this approach has led to the identification of biochemical pathways and gene products that are critical to the cell division process (11, 17, 21, 26 ).
An alternative approach to this problem, however, is to identify and characterize genes that are differentially expressed during the cell cycle. If cell division results as a consequence of differential gene expression, then detailed analysis of the processes that are responsible for this pattern of expression should lead to an understanding of the molecular sequence of events that are required for cell division to occur. In S. cerevisiae, several genes that encode enzymes involved in DNA replication have been found to exhibit cell cycle-dependent expression. These include the thymidylate synthase gene TMPI (24) ; the CDC8 and CDC9 genes, encoding thymidylate kinase and DNA ligase, respectively (28) ; POLI, encoding the catalytic subunit of DNA polymerase I (12); and PRI2, which encodes the 58-kDa subunit of DNA primase (9) . For each of these genes, this pattern of expression involves cell cycle stage-dependent changes in steady-state mRNA levels, with maximal levels occurring near the Gl/S-phase boundary. For TMPI, this fluctuation in mRNA levels is largely due to a transcriptional process (14) . Studies by other groups have shown that TMPI, CDC8, CDC9, and POLI transcripts are induced at virtually the * Corresponding author. same point in the yeast cell cycle, shortly after the cdc281a-factor arrest point known as START (12, 28) . The coordinate pattern of induction exhibited by these genes suggests that they may be governed at the transcriptional level by a common factor. Comparison of the upstream regions of TMPJ, CDC8, CDC9, and POLl reveals the presence of at least one copy of the hexanucleotide sequence 5'-ACGCGT-3' (2, 4, 20, 27) . We have shown previously that an upstream activation sequence (UAS) element either encompasses or lies proximal to the two ACGCGT hexanucleotide sequences found in the 5' nontranscribed region of TMPI. Collectively, these findings suggested that the sequence ACGCGT may play a role in coordinating the cell cycle-dependent regulation of several essential DNA replication genes in yeast cells. In this study, we investigated the role of these sequences in the expression of TMPI.
MATERIALS AND METHODS
Strains and plasmids. Escherichia coli JF1754 (15) and JM101 (16) were used routinely for propagating plasmids and screening plasmid constructions. JM101 was also used for preparing single-stranded DNA after superinfection with the helper phage R408 (22) . The S. cerevisiae strains used were AH22 (MATa leu2-3,112 his4-519 can)) and BWG1-7A (MATa leu2-3,112 his4-519 adel-100 ura3-52). Plasmids pEMBL19+ (8), pEMBLYe3O (1), YEp13 (6), and pLGA312-178 (10) have been described previously. Both pEMBLYe3O and YEp13 are high-copy-number yeast-E. coli shuttle vectors containing the S. cerevisiae LEU2 gene as a selectable marker in this organism. Plasmid pEMBLYe3O also contains a phage fl origin of replication to facilitate the isolation of single-stranded DNA. Plasmid pING4 is a pEMBLYe3O derivative that contains the entire S. cerevisiae iso-1-cytochrome c gene (CYCI). This vector was constructed by cloning a 1.1-kb SmaI-to-PvuII fragment containing CYC1 into the SmaI site of pEMBLYe3O such that the sense strand of CYCJ is packaged upon superinfection of JM101 transformants with R408 helper phage. Plasmid pING4 was constructed and kindly supplied by Stephen Inglis (Department of Pathology, Cambridge University, Cambridge, England).
The reporter plasmid pEM114, containing the CYCI gene, was constructed as follows. First, the XhoI site adjacent to the LEU2 promoter on pING4 was eliminated by partial digestion of this plasmid with XhoI, followed by end filling with Klenow fragment and then ligation. The resulting vector, pEM113, has unique SmaI and XhoI sites on either side of the CYCI UASs (UAS1 and UAS2). Second, the CYCJ UASs were removed from pEM113 by digestion of the plasmid with XhoI and SmaI, followed by end filling with Kienow fragment and then ligation. The resulting vector is a high-copy-number plasmid with a unique XhoI site in the 5'-flanking region of a UAS-deficient CYCI gene.
Plasmid pEM54 is a YEp13 derivative containing the TMPI gene and has been described previously (14) . Plasmid pEM80 contains a 2.7-kb HindIII-to-Asp718 fragment containing the TMPI gene inserted into the HindlIl and Asp718 sites of pEMBL19+. Plasmid pEM88 was constructed by cloning the 2.8-kb Hindlll-to-Smal fragment of plasmid pTL830 (14) , containing the TMP1 gene, into the HindIII and SmaI sites of pEMBLYe30. Both pEM80 and pEM88 were used as sources of single-stranded templates for site-directed mutagenesis experiments. Plasmid pEM82 was constructed in the following way. First, plasmid pEM80 was digested with Asp718, and the ends were rendered flush by end filling with the Klenow fragment of DNA polymerase I. Second, the DNA was digested with HindIll, and the resulting 2.7-kb fragment containing TMPI was cloned into the large HindIII-to-PvuII fragment of YEp13. In some cases (plasmids pEM125, pEM126, pEM127, pEM129, and pEM130), TMPJ mutants made in the pEM88 vector were transferred into YEp13 in the following way. First, the pEM88 mutant derivatives were digested with HindIII and SmaI. Second, the 2.7-kb fragment containing TMPl was cloned into the large HindIII-to-PvuII fragment of YEp13.
Site-directed mutagenesis. Site-directed mutagenesis was performed by the uracil-template method of Kunkel (13) as described by Ner et al. (19) . Mutant clones were identified by DNA sequence analysis, using the petri dish droplet method of Ner et al. (18) . The various oligonucleotides used for mutagenesis experiments are shown in Fig. 1 .
Plasmid constructions involving oligonucleotides. Plasmid construction involving the oligonucleotides shown in Fig. 1 were performed as described below. Plasmid pEM127 was constructed by oligonucleotide EM16 mutagenesis of pEM88, followed by transfer of the 1.6-kb HindIll-toAsp718 fragment of the resulting vector into the HindlIl and PvuII sites of YEp13 as described above. Plasmid pEM99 was similarly constructed by using oligonucleotide EM1 to mutagenize pEM88. Plasmid pEM81 was constructed by EM1 mutagenesis of pEM80, followed by subcloning of the 2.7-kb HindIII-to-Asp718 TMPJ fragment of the resulting vector into YEp13 as described previously for plasmid pEM82. Plasmids pEM162 and pEM163 were constructed by annealing the complementary oligonucleotides EM34A and EM34B and inserting the resulting synthetic duplex with XhoI sticky ends into the XhoI site of plasmid pEM114.
Deletion derivatives of pEM163 were made by oligonucleotide mutagenesis of single-stranded DNA. Plasmids pEM187, pEM171, pEM170, and pEM197 were constructed by using oligonucleotides EM42, EM35, EM36, and EM49, respectively. The purpose for which each oligonucleotide was used is described in the text. The sequence indicated within parentheses for EM15 was doped at each base: 85% wild-type base and 5% each of the other three bases. For oligonucleotide EM16, the parentheses indicate that a single site was changed to either one of the two bases shown by doping with a 50% mixture of the two bases. Oligonucleotides EM34A to EM49 were all chemically phosphorylated at the 5' end as indicated. All sequences are presented in the 5'-to-3' direction.
Plasmids pEM125, pEM126, pEM127, pEM129, and pEM130 were made by oligonucleotide EM15 mutagenesis of plasmid pEM88, followed by subcloning of the mutant TMPI fragments into YEp13 as described above.
Plasmids pLGA312-178-1 and pLGA312-178-2 were constructed as follows. Oligonucleotides TS1 and TS2 were annealed and ligated into the unique XhoI sites on plasmid pLGA312-178. The ligation mixture was then used to transform S. cerevisiae BWG1-7A to uracil prototrophy. The resulting transformants were replica plated onto nitrocellulose filters, and then the filters were incubated on solid SC medium (23) lacking uracil for 24 h. The filters with colonies were freeze-thawed twice in liquid nitrogen and then placed on the surface of solid M9 minimal salts medium containing the chromogenic substrate 5-bromo-4-chloro-3-indolyl-p-Dgalactoside (X-Gal). Plasmids were recovered from two of the colonies that turned blue on the indicator plates (plasmids pLGA312-178-1 and pLGA312-178-2) and from two of the colonies that remained white (plasmids pLGA312-178a and pLGA312-178b). All other plasmid constructions are described in the text.
Synchrony. Synchronous cultures of AH22 transformants were prepared by the a-factor release method as described previously (14) , with the following modifications: (i) cultures were grown in SD minimal medium (23) supplemented with histidine only, and (ii) 200 ,ug of synthetic a-factor was used for each synchrony. The quality of each synchrony monitored by microscopic examination of cell morphology at various time points after release from a-factor induced Gl arrest. Equal volumes (20 ml) of cell culture were harvested at each time point. Total cellular RNA was prepared as described previously (14), and each sample was resuspended in 30 ,ul of sterile water.
RNA analysis. Northern (RNA) hybridizations and primer extension analyses using the P12, P20, and P9 oligonucleotide probes for TMPl, LEU2, and CYCJ transcripts, respectively, were performed as described previously (14, The annealing site of the P12 oligonucleotide which was used for primer extension experiments is also indicated.
except that electrophoresis was performed in MG buffer (50 mM Tris base, 50 mM boric acid, 10 mM EDTA).
Oligonucleotides, enzymes, and other reagents. All of the oligonucleotides used were synthesized on an Applied Biosystems model 380B DNA synthesizer. All enzymes for DNA manipulations and also for primer extension assays were purchased from Pharmacia, Montreal, Quebec, Canada. Synthetic a-factor was purchased from Sigma Chemicals, St. Louis, MLo.
RESULTS
Localizing the TMPI UAS region. We have shown previously that sequences necessary to direct periodic transcription of TMPJ lie downstream of the PstI site at -270 ( Fig. 2) . Furthermore, we have shown that deletion of the 37 bp between the two MluI sites at -122 and -159 of the TMPJ sequence results both in a severe drop in the steady-state level of TMPJ transcripts and in the loss of periodic expression of ,B-galactosidase when the same deletion is made in a TMPJ-lacZ gene fusion (14) . These results suggested that a UAS element was likely associated with sequences either encompassing or lying between the two MluI sites at -122 and -159.
To determine whether the MluI sites were involved in the UAS element, we tested the effects of altering the DNA sequence at these sites on total TMPI transcription. To assay for the effects of these changes, we used the highcopy-number vector YEp13. When the TMPI gene is carried on this vector, the amount of TMPI mRNA produced in transformants harboring the plasmid exceeds by far that produced from the chromosomal gene (14) . Furthermore, the plasmid-borne gene exhibits cell cycle-dependent transcription (14) . Because of these features, it is possible to determine the effects of various deletions, rearrangements, and point mutations within the TMPI promoter region carried on the plasmid simply by transforming yeast cells with these mutant derivatives and determining the relative levels of TMPJ transcript produced in each transformant. To simplify this assay, we analyzed these derivatives in asynchronous cultures, assuming that the loss of UAS activity would result in a largely reduced level of TMPI transcripts.
For clarity in this section and the following discussion, the MluI site at -159 will be referred to as the distal or 5' site, while the site at -122 will be referred to as the proximal or 3' site. To alter these sites, a point mutation was first introduced at the 3' MluI site of pEM80, converting the sequence from ACGCGT to ACTCGT. The entire TMPJ gene containing this point mutation was then cloned into YEp13 to yield plasmid pEM81. On this vector the 5' MluI site is unique, and therefore it could be easily altered. This was accomplished by digestion with MluI, followed by treatments with (i) Klenow fragment and DNA ligase to yield plasmid pEM86 and (ii) mung bean nuclease and DNA ligase to yield plasmid pEM87 (Fig. 3) . The exact nature of the changes made at this site was confirmed by DNA sequence analysis.
Plasmids pEM82, pEM81, pEM86, and pEM87 were each transformed into yeast strain AH22. Plasmid pEM82 is a control vector that is identical to each of these mutant derivatives except that it contains the native TMPJ gene.
The effects of the alterations at the MIuI sites on the steady-state level of TMPI mRNA in exponentially growing cells were determined by primer extension mapping analysis (Fig. 3) . The primer extension products obtained by using a probe for LEU2 transcripts served as a control for the relative amount of RNA used in each lane. By comparison of lanes 1 (pEM82) and 2 (pEM81), it is evident that the G-to-T transversion mutation in the 3' MluI site did not produce a major effect on TMPJ transcription. A slight negative effect on the level of some TMPJ transcripts (those initiating between -5 and -35; middle and lower bands in region A) was observed. This effect was accompanied by an increase in the levels of various transcripts that initiated at points further downstream (region B). These shorter transcripts, however, were often found to vary in both intensity and position, suggesting that they are governed by factors distinct from those that promote transcription from the more upstream sites (region A). within the distal MluI site also did not adversely affect TMPI transcription. Comparison with the pEM82 control, however, showed a slight reduction in transcripts initiating between -31 and -35 (see Fig. 2 ). In contrast to these results, the pEM87 transformant (lane 4) was found to exhibit a severe reduction in the levels of transcripts initiating between -5 and -85. On plasmid pEM87, the distal MIuI site plus a small amount of 3'-flanking sequence is deleted.
The results with the pEM87 transformant revealed that information either contained within or spanning the sequence ACGCGTTAAAT, at the distal MluI site of TMPI, constituted a major positive element for TMPI transcription. However, the point mutation at the 3' MluI site on plasmid pEM86 produced a small negative effect on a subset of the TMPI transcripts, suggesting that this site also contributes to normal levels of TMPI expression. From these results, we surmised that both of these sites may be recognized by the same transcription factor, but for some reason this factor interacts less effectively with the proximal MIuI site. To test this possibility further, we reasoned that since the G-to-T 5'MluI Site transversion mutation on plasmid pEM81 produced a small effect on some of the TMPI transcripts, the same point mutation at the 5' MluI site might result in a much larger effect. For this purpose, plasmid pEM127 was constructed. It harbors TMPI on YEp13 but contains a G-to-T transversion mutation at the 5' MluI site (Fig. 4) . Plasmid pEM54 contains the native TMPI gene on YEp13. Primer extension analyses of TMPI transcripts produced in AH22-transformed pEM54 and pEM127 are shown in Fig. 4 . By comparison of lanes 1 and 2, it is evident that the point mutation at the 5' MluI site on pEM127 resulted in a severe negative effect on TMPJ transcription. The results of this experiment were therefore consistent with the hypothesis that the same transcription factor interacts at both MluI sites in the TMPJ upstream region but with much less efficiency at the downstream site.
The results described above established that a positive transcription element at least encompassed sequences at the 5' MluI site of the TMPI gene. To determine whether any sequence upstream of this site was important to the function of the element, we constructed a vector on which this information was deleted. This vector was constructed in two steps. First, the same G-to-T transversion mutation as on plasmid pEM81 was made at the 3' MluI site of pEM88 to yield plasmid pEM99. Second, pEM99 was digested with normalized to the value of 1 for the 0-min time point. These data are shown in Fig. 6C . Relative to the level in the pEM114 control transformant, CYCI transcript levels in both the pEM162 and pEM163 transformants increased dramatically between 10 and 30 min after release from Gl arrest. This increase was followed by an almost equally sharp decline between the 40-and 70-min time points. The slight difference in both the timing and the peak values of the CYCI mRNA levels seen for the pEM162 and pEM163 transformants is likely due to a slight qualitative differences between these synchrony experiments. From these results, however, it was evident that the 22-bp TMPJ test sequence used could direct periodic transcription of the CYCJ reporter gene and also work independently of orientation. These findings indicated that the synthetic DNA duplex contained a cell cycle-dependent UAS element.
To further characterize this element, we constructed a series of deletions from the 3' end of the insert in plasmid pEM163 and analyzed the effect of each deletion on the periodic transcription of CYC1. Each deletion was made by site-directed mutagenesis of pEM163 as described in Materials and Methods, and AH22 transformants carrying these plasmids were analyzed by Northern hybridization analysis as described for Fig. 6 . The extent of each deletion and the results of the Northern analyses are shown in Fig. 7 .
Plasmids pEM187, pEM171, pEM170, and pEM197 were each found to be capable of directing periodic transcription of CYC1. However, for plasmid pEM197, the maximum level of CYCI transcript induction (3.7-fold relative to the 0-min time point) was less than that observed for any of the other transformants, suggesting that in addition to the ACGCGT sequence, a small amount of 3'-flanking sequence is required for optimal periodic regulation. Since plasmid pEM170, containing the slightly larger sequence ACGCGT TAA, exhibited peak levels of transcript induction comparable to or higher than those of the other plasmids containing larger inserts, we assumed that the complete transcription element was contained within this sequence.
Activation of lacZ expression. Although we concluded from the analysis described above that the 9-bp sequence ACGCGTTAA could convey periodic regulation upon a CYCI reporter gene, we wanted also to determine whether this sequence could activate the expression of a CYCJ-lacZ reporter. For this experiment, we used the reporter plasmid pLGA312-178 (10) 10 -mmn time intervals as indicated below the panels. Equal volumes of total cellular RNA prepared from each time point sample were electrophoresed through an agarose gel. The gels were dried and probed for both CYCJ and LEU2 transcripts. The latter probe served as a control for loading errors. The level of CYCI mRNA present at the various time points of each synchrony was quantitated by densitometry, using the LEU2 levels in each lane to correct for loading errors. The values for CYCI were then normalized to the 0-mmn time point level, which was given a value of 1. (C) Quantitation of the data.
XhoI site in the upstream region of the UAS-deficient reporter. A synthetic DNA duplex containing the 9-bp sequence was cloned into this site, and two plasmids, each harboring none copy of the insert, were isolated. Two plasmids recovered from the cloning procedure but lacking inserts (pLGA312-178a and pLGA312-178b) were also used as controls. The results of P-galactosidase assays performed on asynchronous cultures of transformants harboring these Each derivative was constructed by in vitro deletion mutagenesis of plasmid pEM163. The TMPl sequence present in each construct is shown flanked by the Xhol restriction sites, which are underlined. Both the synchrony and the RNA analyses (B) were performed as described for effect of a small number of point mutations within the 5' MluI site of the native TMPI gene. The mutants were generated in vitro by the doped oligonucleotide method of Ner et al. (19) . Each mutant characterized was subcloned into YEp13, and the steady-state levels of TMPI transcripts in AH22 transformants were determined by primer extension analysis (Fig. 8) . Plasmid pEM54 contains the native TMPI gene, while plasmid pEM127 contains the G-to-T transversion mutation described previously (Fig. 4) . This latter plasmid was included in the assay for purposes of comparison. The results of this analysis indicated that in addition to the G-to-T transversion on plasmid pEM127 (Fig. 8, lane 5) , the G-to-A transition mutation on pEM126 (lane 4) caused a large decrease in TMP1 transcription. However, for both of these mutations, the level of TMPI transcripts observed was found to be greater than that produced from the endogenous chromosomal gene (YEp13 transformant; lane 1), suggesting that these mutations do not completely abolish TMPI transcription from each plasmid.
Results for plasmids pEM125, pEM129, and pEM130 (Fig.  8, lanes 3, 6, and 7) indicated that each of the mutations carried on these vectors did not decrease the level of TMPI expression. In fact, a slight increase in transcription was observed for each mutation. The results exhibited by the pEM125 and pEM130 transformants suggested that the 5' A of the MluI site is not critical for the UAS element. In addition to these substitutions, the T-to-G transversion mutation of pEM129 also did not affect in a negative way TMPJ transcription (lane 6). This finding reveals that the integrity of the entire sequence ACGCGTTAA is not absolute for UAS function and that single-base-pair substitutions at some sites do not impair this activity. The evidence that the 3' MluI site is only a minor component is based on the finding that a G-to-T transversion point mutation in the 3' MluI site has only a small effect on total TMPI transcription, while the same mutation at the distal MluI site produces a much larger effect. The notion that this site in particular is only a minor determinant of TMPJ transcription is supported by some of the results obtained in our previous study (14) , in which we found that deletion of the 37-bp region between the two MluI sites of TMPI at -159 and -122 results in a large reduction in total TMPI transcription. Since tion. We have found that the 9-bp sequence ACGCGTTAA, encompassing the 5' MluI site, exhibits properties of a cell cycle stage-dependent UAS element. Specifically, this sequence has been shown to activate expression of a reporter gene and also to direct cell cycle-dependent transcription.
DISCUSSION
Although we have found that the smaller sequence ACGCGT, by itself, can direct cell cycle-dependent transcription, we have not determined whether it can activate transcription to the same degree as does the larger 9-bp sequence discussed above. Since the 9-bp sequence ACGCGTTAA is the minimal sequence that can be defined by our results as containing a cell cycle-dependent UAS element, it was of interest to search for similar sequences within the 5'-flanking regions of the other known cell cycle-regulated DNA replication genes. DNA sequences encompassing upstream MluI sites from these genes and exhibiting the most similarity to this 9-bp sequence are shown in Table 2 . For each gene, the sequence identified is between 109 and 208 bp upstream of the adjacent coding regions and, for cases where it has been determined, upstream of the mapped transcription initiation sites. An exact match to the 9-bp TMPI sequence is found for POLl, while similar sequences with only one substitution are seen for the CDC8 and CDC9 genes. The sequences identified for PRI2, POL30, and CDC2 each contain two substitutions relative to the TMPJ sequence.
For all of the sequences shown in Table 2 , the sequence motif ACGCGTNA is absolutely conserved. We have also noted that this motif is present within the appropriate 5'-flanking region of the S. cerevisiae RAD54 gene, which is required for recombinational DNA repair (7). Interestingly, for RAD54 this motif is contained within a short sequence that has been shown to be responsible for the induction of RAD54 transcripts in response to DNA-damaging agents (7) . Since it has been established that both CDC9 and POLI are also DNA damage inducible (4), in addition to being periodically regulated, this finding raises the possibility that the consensus sequence ACGCGTNA acts for both of these processes. On the basis of this observation, it would be interesting to determine whether the RAD54 gene exhibits cell cycle-dependent transcription and also whether the UAS element defined here for TMPI is capable of directing transcription in response to DNA damage.
A curious result from our study is that despite the apparent conservation of the ACGCGT sequence between these genes, the integrity of this sequence is not absolutely necessary for UAS activity. For example, total TMPI transcription is not adversely affected either by insertion of the 4-base CGCG sequence into the middle of this sequence (as on plasmid pEM86; Fig. 3 ) or by various base substitutions of the conserved A or T residues (Fig. 8) . However, the fact that these bases are highly conserved suggests that they are important for a recognition process. A trivial explanation of these findings is that the binding of a positive transcription factor at this site may not be absolutely dependent on the presence of either of these bases. Other sites such as the internal G residues may be indispensable for the protein-DNA interaction.
An interesting alternative, however, is that the conserved A and T bases perform a different role. For example, it is also possible that a negative factor interacts at this site. Thus, while a positive transcription factor may recognize only the internal sequence CGCG plus the 3' A of the ACGCGTNA motif, a repressor could bind to the entire sequence and key on the presence of the flanking A and T bases. In this scenario, periodic transcription could result from a competition between positive and negative regulation. Since our analysis of the point mutations at these sites examined only the effects on total TMPI transcription in asynchronous cultures, we cannot eliminate this possibility. If repression contributes to the normal cell cycle-dependent transcription of TMPJ, then some of these point mutations may lead to a more constitutive pattern of TMPJ transcription during the cell cycle. We are currently using these mutants to test this possibility.
Finally, the results of this study demonstrate that at least in the case of TMPJ, MluI sites within the 5'-flanking region are involved in directing the periodic transcription of this gene. This finding, combined with the observation that these sites are found upstream of several other cell cycle-regulated DNA replication genes, supports the notion that the expression of these genes in S. cerevisiae is coordinated at the transcriptional level by factors that interact at this site. Characterization of these factors may yield considerable information about the events that control the induction of DNA replication and the transition from Gl to S phase.
